N-methyl-D-aspartate receptor and L-type voltage-gated Ca2+ channel activation mediate proline-rich tyrosine kinase 2 phosphorylation during cerebral ischemia in rats.
Cerebral ischemia induces rapid efflux of glutamate into the extracellular space contributing to excessive activation of glutamate receptors in postsynaptic cells, particularly N-methyl-D-aspartate (NMDA) receptors, which triggers the neuron lesion through calcium overload. Our studies indicated that cerebral ischemia stimulated the rapid activation of nonreceptor tyrosine kinases proline-rich tyrosine kinase 2 (Pyk2) and Src and the binding to Pyk2 activated the latter. Pyk2 activation significantly depends on the increase of the intracellular calcium level; blockage of both calcium ion channel NMDA receptors and L-type voltage-gated Ca2+ channel (L-VGCC), respectively, could effectively inhibit phosphorylation of Pyk2 in early ischemia episodes. Moreover, pretreatment with the protein kinase C inhibitor (chelerythrine chloride) reduced the ischemia-induced activation of Pyk2. Noticeably, CaMKII, a family of calcium/calmodulin-dependent kinases, also may be involved in the regulation of Pyk2 activity because its inhibitor KN62 attenuated Pyk2 phosphorylation during ischemia. Together with previous studies, these results indicate that calcium influx elicited by active NMDA receptors and L-VGCC triggers the Pyk2-Src signaling pathway mediated by PKC, which aggravates cerebral ischemia lesions through up-regulating the function of NMDA receptors after the onset of ischemia, and also could be regulated partly by CaM-dependent kinases like CaMKII.